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ABSlRACT
A parametric finite element analysis of the iiXed scroll is performed to evaluate the deformations caused by the
combined thermal and static loading in a geometry formed by the contact configuration of the fiXed and orbiting scrolls. The
deflections due to thermal and static loading in the axis direction of the flank wrap are the major concern to prevent leakage
between different pressure regions. The load applied is similar to current design parameters in the air conditioning industry.
The salient features of both the h- and p-method are discussed. The automatic modeling capabilities of this work may be
useful in obtaining an optimal balance of the seal and wear problems in scroll compressor design.
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INlRODUCTION
The development of the scroll compressor is one of the major technological advancements in the HVAC&R
industry over the last decade. While considerable research has been undertaken to improve scroll compressor design, there are
relatively few studies that have considered deformation of scroll compressor components. Researchers at Hitachi (Suefuji et
al., 1988) used brick elements to study the deformation under various positions and loading. They determined optimal scroll
wrap shapes and reported a 4% improvement in adiabatic efficiency, which was verified by experiments. In an initial
attempt, Marler and Kumar (1992) at United Technologies tried to use the Boundary Element Method to determine the
contact stresses utilizing a supercomputer, however, no results have been reported to date.
The design of an efficient scroll compressor poses new challenges to the engineer, primarily due to tolerances that
are on the order of a few micrometers, a level which is unusual in conventional machine manufacturing. Although the scroll
compressor has the advantage of high efficiency, flank and axial leakage still have the potential to reduce compressor
efficiency. This leakage may be minimized through tight tolerance control in design and manufacturing; however, designs
which are too tight may result in wear and reliability problems. Engineers require detailed information regarding cover plate
and wrap deformation in order to improve existing designs. Because of the complex geometry, the imite element method is
a natural choice for this purpose. To an experienced user, commercial FEA packages are powerful and effective tools which
allow for the assessment of various design alternatives. Finite element analysis may yield an optimal balance among the
various design parameters.
FORMULATION
The physical domain and the primary dimensions used in this study are shown in Fig.l. These parameters are
similar to ordinary scroll compressors. Referring to Fig. 1, thermal stresses and static loading will cause the cover plate to
deflect outward in the negative z direction; in twn, this movement will cause the tip of the wrap to leave its original
contacting position, forming an axiallea1cage slit and thereby decreasing efficiency. Also, the def!ection and bending caused
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by the combined load will cause the shell wraps to tilt, increasing the flwk leakage. The refrigerant fluid passing through
the compressor undergoes an adiabatic compression process so that the intermediate load (both temperature and pressure)
can be readily evaluated. In addition, a portion of the cover plate and flank wrap undergoes a cyclic load. The mechanical
analysis shows that the stresses in the device are complex due to the various loads. The finite element method is an
appropriate means to solve this complicated geometry and stress problem.

Given conditions

Base circle radius of involute~ 2.8 mm
Circle ofinvolute wrap 110°- 1150°

Ph= L96 MPa
P1 = 0.59 MPa
T ooh = 104 °C
T"" 1 =37.7°C
h = 15 W/m 2 °C

Cover plateD= 75.5 rom

Fixed scroll height= 18.0 mrr1
Wrap thickness= 4.0 rom

Plate thickness = 10.0 mm

Figure 1 Geometric Configuration and Loading
Thermal and Static Boundary Conditions
Convection boundary conditions are applied to all surfaces including the scroll wrap, with an assumed heat transfer
coefficient and environment temperature given accordingly. A rigidly fixed boundary condition is applied to the outer edge
of the cover plate. Pressure loads as indicated in Fig. 1 are applied separately to the different pressure pockets. In addition,
pressure loads are applied in the normal direction to the various sections of the wraps which are formed by the contact
points of the fixed and orbiting scroll; the values of these loads are determined by the pressure difference acting on each
wrap section. The material is assumed to be gray cast iron with standard mechanical properties under normal conditions.
Solid Model Generation and Meshing
It is common practice in the industry to use Pro-Engineer or other CAD software to generate the solid model of
the scroll compressor, and then transfer the solid model into a fmite element analysis package. These two steps may be
combined by using the parametric programming language, a FORTRAN-like programming language which is integrated
into the package, provided by COSMOS/M (1993). The following parameters are used in this study:

r
H

- base circle radius of scroll involute
- wrap height

- diameter of the cover plate
D
Tol - tolerance between the fixed and orbiting scroll
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n
ts

- number of circles of wmp
- thickness of the wrap

tc
md

- thickness of the cover plate
- desired mesh density

The involute curve may be expressed in rectangular coordinates as
X=

r (COS 9 + 9 sin 9)

y = r (sin

(1)

e -e cos 9) .

(2)

Once the first involute wrap (fixed scroll) is generated, the conjugate curve (orbiting scroll) is generated by
reflecting the fmt curve over 180°. The second curve is then translated one pitch distance within the 50 J..Lm tolerance in
any prescribed direction to form the engaging configuration as shown in Fig. 1. All the steps, including solid modeling,
mesh generation, boundary condition application, and loading, are automatic and do not need human intervention until
results. On a Pentium-90 personal computer with 32MB RAM, it takes approximately 2 hours and 250 (linear elements)
to 900 (p~lements) MB of disk space for one analysis.
MAJOR RESULTS AND DISCUSSION
Figure 2 is the 3-D view of the solution model and mesh. A more detailed view of the mesh is shown in Fig. 3 in
which it is clearly evident that element-to-element connection is ensured over the computational domain. In order to reduce
computational time, the mesh is nonuniform.
The temperature distribution in the cover plate and wraps is shown in Fig. 4. In general, the temperature gradients
are small in each pressure pocket since the thermal conductivity of the metal surfaces is relatively large. Nevertheless, the
maximum temperature difference is approximately 30° C, which suggests that thermal stresses, which are included in the
analysis, are a secondary effect. The 3-D plot of deformation in Fig. 5 shows that deflection in the axis direction is not
uniform and that Umax on the cover plate occurs at the Ph pocket. Even in this region of maximum plate bending, the
resulting tilt of the flank wrap is minor (the change in gap width between the wraps is approximately 6 percent) .
Alternative designs are considered to assess the effect of several design parameters on Umax· These result are
shown in Table 1. Reducing the cover plate thickness by a factor of 2 from the base case in which Umax = 47.9 J..lffi results
in Umax =201 J..Lm, approximately a four-fold increase. As the maximum plate deflection Umax in a circular plate varies
with tc-3 • it is expected that by decreasing tc by 2 that Umax should be approximately 47.9 x 8 = 383 J..Lm. The Umax
obtained by decreasing the plate thickness is much smaller than predicted due to the plate stiffening provided by the flank
wrap.

Table 1. Effect of Various Parameters on Cover Plate Displacement
Effect of Cover Plate Thickness
base case
cover plate thickness, lc (mm)
5
10
15
max. displ. in axial direction, Umax (J..Lm)
-201
-47.9
-17.3
temoernture ram~e (°C)
40.6-70.1
40.6- 70.1
40.1- 70.1
Effect of Shell Wrap Thickness (tc =10 mm)
shell wrap thickness, ts (mm)
1
4
8
max. displ. in axial direction, Umax (J..Lm)
-56.0
-47.9
-35.2
Effect of Introducing Pressure to the Backside of the Cover Plate (tc =10 mm)
pressure (MPa)
ph= 1.96
none
Pm = 1.11
max. displ. in axial direction, Umax (J..Lm)
53.8
-47.9
13.7

Modifying the flank wrap thickness has a less significant effect on the maximum cover plate displacement
Doubling this thickness by 2 reduces Umax by 26 percent while decreasing the flank wrap thickness by a factor of 4
increases Umax by 17 percent This relatively minor effect is expected and is due to the fact that the most effective way to
reduce bending is to increase the plate moment of inertia
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In order to reduce deflection and the resulting axial and flank leakage, the backside of the cover plate may be
to
exposed a higher pressure by bleeding off fluid from one of the scroll pressure pockets. The data in Table 1 compares the
effect on Umax for a backside pressure equal to Ph or Pm to the base case (zero backside pressure). As indicated, this type
of operation may reduce the maximum cover plate displacement, but it should be noted that Umax is positive in these
cases. This inward deflection, when properly accounted for in design, may lead to a reduction in wear and axial leakage. By
introducing the appropriate pressure to the cover plate backside, the bending displacement may be minimized and it also
provides an opportunity to reduce component thickness and weight.
Model Accuracy
In the computer model, a 50 J.UTl gap is assumed between the fixed and orbiting wraps. When conducting the solid
modeling, a total of 16 triangular elements were generated that have a minimum angle in the range of 17.8° - Z0°. In
general, angles in triangular elements should be in the range of zoo to 135° to ensure numerical accuracy. Thisproblem
could be alleviated by increasing the gap dimension or mesh density. To test the model accuracy, the deflections under
uniform loading (limited by the analytical formulas) of the cover plate without the wrap are computed using the original
mesh and compared with Roark's formula (1975) under various boundary conditions. It is found that-the difference in
maximum deflection computed analytically and by the method reported here is at most 0.26 percent

The deflection and stress results using a mesh generated by the h-method are not necessarily better than the
parametric models. The h-method generates bad elements occasionally, which requires manual correction. It is felt that
human intelligence and experience provide a more powerful and flexible means of mesh generation than the h-method in
this case. The p-method yields the same maximum deflection as the parametric models with improved stress results and
with much smaller error in element residual norm energy. However, due to its inherent limitations, the p-niethod is weak
in dynamic analysis.
CONCLUSION
The deformation and temperature distribution of the fixed scroll is fully simulated by :finite element analysis. The
parametric design matrix may provide a fast starting point for prototype design. By introducing the appropriate pressure to
the cover plate backside, the bending displacement may be minimized, providing an opportunity to reduce wear, axial
leakage, and component thickness and weight A full numerical simulation of both the-fixed and orbiting scroll is possible
on a personal computer. This model can be expanded to dynamic, fatigue, and contact stress analysis.
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Figure 2 Three-dimensional View of the Solution Model and Mesh

Figure 3 Detailed View of the Cover Plate Mesh
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Figure 4 Typical Temperature Distribution
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Figure 5 Three-dimensional View of Deflection for the Base Case
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